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ABSTRACT 
GAS CHROMATOGRAPHY OF VOLATILE METAL CHELATES: APPLICATION 
OF A NEW TECHNIQUE TO METALS ANALYSIS I N  NATURAL WATERS 
O r i g i n a l l y ,  t h e  a p p l i c a t i o n  o f  commerc ia l ly  a v a i l a b l e  monothiohexa- 
f l  uoroace ty lace tone  (HFAS) and i t s  f o rma t i on  o f  v o l  a t i  1 e che la tes  w i t h  
meta ls  o f  environmental  s i g n i f i c a n c e  t o  r a p i d ,  mu l t i - e l emen t  a n a l y s i s  
was under i n v e s t i g a t i o n .  I n a b i l i t y  t o  reproduce pub l i shed  r e s u l t s  f o r  
t h e  N i cke l  c h e l a t e  1 ed t o  c r i  t i c a l  examinat ion o f  t h e  che l  a t i n g  agent 
and u l t i m a t e l y  t o  wi thdrawal  o f  t h e  compound from t h e  commercial market 
when i t s  i d e n t i t y  and p u r i t y  were found t o  be ques t ionab le .  Independent 
syn thes i s  o f  HFAS was unsuccessfu l  and i n i t i a l  p r o j e c t  o b j e c t i v e s  were 
abandoned. P r o j e c t  o b j e c t i v e s  were r e d i r e c t e d  t o  v e r i f i c a t i o n  and exten-  
s i o n  o f  p rev ious  s t u d i e s  i n v o l v i n g  t h e  1 ead c h e l a t e  o f  2,2,6 $ 6 - t e t r a -  
methyl  heptane-3,5-dione (PIV)  . E x t r a c t i o n  s t ud ies  were conducted us i ng  
f lame1 ess a tom iza t i on  a tomic  abso rp t i on  f o r  a n a l y s i s  b u t  a r e  o f  ques t ionab le  
va l  ue as a r e s u l t  o f  a n a l y t i c a l  i n cons i s t enc ies .  Gas chromatographic 
s t u d i e s  i n d i c a t e d  p r e v i o u s l y  r epo r t ed  syn thes is  o f  Pb(PIV)2 had 1 i k e l y  no t  
been achieved. Both HFAS and PIV s t u d i e s  were unsuccessful  and have 
r e s u l t e d  i n  programs o f  independent syn thes i s  and cont inued research  a t  
The U n i v e r s i t y  o f  Tennessee where t h e  P r i n c i p a l  I n v e s t i g a t o r  i s  now i n  
res idence.  
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I .  INTRODUCTION 
A. Objectives: The i n i t i a l  objectives of this research project  
were t o  invest igate  the use of the  compound, monoth iohexaf luoroacety lacetone 
(HFAS) in the rapid, multi-element analysis  of heavy metal concentrations 
in aqueous solution via gas chromatography. The proposed research was 
1 predicated on ( 1 )  previously reported research resu l t s  (Bayer, -- e t  a l . ) 
which demonstrated the formation of s t ab l e  c h e l a t e ~  of t he  metal ions, 
C U + ~ ,  ~e" ,  ~ n + ' ,  ~ i " ,  ~ d " ,  ~ b + ~ ,  Pt"  and pd t2 ,  d i rec t ly  from aqueous 
sol ut ion,  ( 2 )  demonstrated gas chromatographic behavior of the pl atinum, 
palladium and nickel complexes (Bayer, e t  a l .  I )  and ( 3 )  commercial avai l -  
a b i l i t y  of the HFAS chelating agent through Pierce Chemical Company, 
Rockford, I l l i n o i s .  
The research was designed t o  determine (1 )  which of the metals 
forming chelates would react  quant i ta t ively  o r  in constant proportion 
t o  allow establishment of a quant i ta t ive  re la t ionship ,  ( 2 )  optimum 
reaction conditions fo r  chelate formation, ( 3 )  optimum sol vent extraction 
conditions, (4 )  detectabil  i t y  by gas chromatography using both flame 
ionization and electron capture detectors,  and ( 5 )  1 iquid phase and 
temperature conditions necessary to  obtain component separations by gas 
chromatography requ is i t e  t o  mu1 ti-element analysis .  
These objectives could not be accompl i shed because fa i  1 ure t o  
duplicate published resu l t s  (Bayer, e t  a l .  I )  f o r  nickel led t o  questions 
regarding the  actual chemical iden t i ty  of the commercial HFAS. The end 
r e su l t  of several product replacements and exchange of information with 
Pierce Chemical Company was the  withdrawal of the  product from the  
commercial market. Pierce 's  action was the  resul t of s imi la r  experience 
by numerous customers and taken a f t e r  repeated attempts by t h e i r  research 
s t a f f  t o  r e c t i f y  t h e  problem by a l t e r n a t e  synthesis  methods. 
The p r o j e c t  ob jec t i ves  were mod i f ied  a t  t h i s  p o i n t  t o  i nc lude  an 
attempt t o  synthesize HFAS according t o  the o r i g i n a l  work o f  Bayer, e t  a l .  1  
--
Because p r o j e c t  resources were l i m i t e d  and n o t  i n i t i a l l y  o r i e n t e d  f o r  the  
cos t  o f  organic synthesis,  a  one shot  synthesis  was planned and executed. 
Upon f a i l u r e  o f  the  synthesis  a t  an ir l terrrlediate step, f u r t h e r  work w i t h  
HFAS was deemed f r u i t l e s s  and d iscont inued w i t h  respect  t o  the  p r o j e c t .  
I n  o rder  t o  e f f e c t i v e l y  u t i  1  i z e  previous p r o j e c t  expenditures f o r  
chromatographic suppl ies and remaining funds a v a i l a b l e  f o r  s tudent  support, 
o r i e n t a t i o n  was d i r e c t e d  towards ob ta in ing  f u r t h e r  i nfortrlation on the  
appl i c a t i o n  o f  another v o l a t i l  e  metal chelate,  lead 2,2,6,6-tetramethyl pentane- 
3,5-dionate, (Pb(PIV)2) t o  aqueous lead ana lys is .  This work was pred ica ted  
2  on r e s u l t s  obtained by Palesh which i nd i ca ted  t h a t  t h e  Pb(PIV)2 could 
be gas chromatographed, and response cou ld  be q u a n t i t a t i v e l y  re1 ated t o  
che la te  concent ra t ion  i n  t he  organic so l  vent  phase. Pre l  im inary  s tud ies  
3  (Minear and Palesh ) imp l i ed  t h a t  d i r e c t  che la te  format ion from aqueous 
l ead  i o n  so lu t i ons  h e l d  promise as an a n a l y t i c a l  t o o l  b u t  a d d i t i o n a l  data 
regarding reac t i on  s to ich iomet ry  and optimum r e a c t i o n  cond i t ions  were 
needed. Confi  rmation of these previous f i  nd i  ngs, de ter r r~ ina t ion  o f  quant i  - 
t a t i v e  re la t i onsh ips ,  minimum detectable concentrat ion,  optimum reac t i on  
cond i t i ons  and v e r i f i c a t i o n  t h a t  lead was passing through the  gas chroma- 
tography were the  ob jec t i ves  es tab l ished f o r  t he  f i n a l  phase o f  the  p r o j e c t .  
B. Background: Developments i n  the  for ma ti or^ o f  vo l  a t i  1  e  rrletal 
chelates and t h e i r  s u s c e p t i b i l i t y  t o  gas c h r o r n a t ~ ~ r a ~ h ~ ~ ' ~  l e d  t o  the  
evol u t i o n  o f  a n a l y t i c a l  techniques f o r  u l  t r a t r a c e  amour~ts o f  metals.  
These methods, which represen t  t he  u l t i m a t e  s e n s i t i v i t y ,  accuracy and 
p r e c i s i o n  f o r  some meta ls ,  appear l i k e l y  t o  f i n d  r o u t i n e  a p p l i c a t i o r ~  i n  
severa l  d i s c i p l i n e s .  Water and wastewater ana l ys i s  must c e r t a i n l y  be 
i n c l  uded. 
Many meta ls  form v o l a t i  1  e  d e r i v a t i v e s  w i t h  var ious  6 -d i  ketones, 
f l u o r i n a t e d  6-d i  ketones and t h e i r  s u l f u r  d e r i v a t i v e s .  Not a1 1 o f  these 
che la tes  have been separated by gas chromatography no r  do they a l l  r e a c t  
q u a n t i t a t i v e l y .  A number o f  t he  che la tes  have been formed f rom aqueous 
s o l u t i o n s  r e s u l t i n g  f rom t h e  d i g e s t i o n  o f  so l  i d  m a t e r i a l  (m inera l  s, meta ls  
and b i o l o g i c a l  substances) which demonstrates t h e  p o t e n t i a l  a p p l i c a t i o n  
t o  wate r  ana l ys i s .  Notably  t he  t r if luoroacetylacetonates o f  b e r y l l i u m  6-1 3 
chromium6y10y14-16y a1 uminum6" have been u t i l i z e d  i n  t h e  a n a l y t i c a l  
de te rmina t ion  o f  t he  respec t i ve  meta ls  f rom aqueous s o l u t i o n s .  A rev iew 
o f  gas chromatography o f  meta ls  i n  general  and metal  che la tes  s p e c i f i c a l l y  
18 i s  conta ined i n  a  recen t  book by Guiochon and Pommier . 
Formation o f  t h e  chelates f rom aqueous s o l u t i o n  and thermal s t a b i l  i ty 
o f  t h e  c h e l a t e  does n o t  guarantee successfu l  gas chromatographic separa t ion .  
The a1 ka l  i metal  chel  a tes  o f  trifl uoroacetylacetone; hexa f l  uoroacetylacetone; 
2,2,6,6-tetramethyl heptane-3,5-dione and trifl uoroacetyl-2,2,6,6-tetra- 
methyl  heptane-3,5-dionel and t h e  a1 ka l  i n e  e a r t h  metal  chel  a tes  o f  2,2, 
6,6-tetramethyl  heptane-3 ,5-dioneZ0 a r e  capabl e  of be ing  gas chromatographed 
i n d i v i d u a l l y  i n  pure form b u t  apparen t l y  e x i s t  as polymers i n  t h e  gas phase 
and undergo metal  exchange on t h e  column t o  form mixed metal  che la tes  
w i t h  t h e  complex i t y  i nc reas ing  w i t h  i n c r e a s i n g  number o f  metal  i o n  species.  
However, t h i s  problem seems to  have been overcome a t  leas t  for  the alkal i  
19 metals with the use of penta and heptafluorodimethylheptane-3,5-dione . 
Formation of chelates from aqueous solutions does not guarantee tha t  
a successful analytical method can be formulated. Frequently, less than 
100 percent of the aqueous metal ion will react and be extracted into the 
organic phase 6 9 1 4 y 2 1 .  This has been attributed primarily to  the formation 
of the di ketonate hydrate for hexafluoroacetylacetone 1 4 y 2 2 .  A potential 
method of coping with th i s  problem has been presented by ~ u r ~ e t t ' ~  and 
Mitchell and ~ a n k s ' ~  whereby the hydrated water i s  replaced by another 
adduct species yielding a mixed ligand complex. Di-n-butylsulfoxide in 
conjunction with 1 , I  ,1,2,2,6,6,7,7,7-decafluoro-3,5-heptanedione for  Ni, 
23 Co, Cu and Fe (Burgett ) and various triphosphate es te rs  with t r i f l  uoro 
and hexafl uoroacetyl acetone for  1 anthanides and re1 ated elements (Mi tchel 1 
2 4 
and Banks ) have demonstrated th is  ab i l i ty .  Advantages were apparent both 
from the standpoint of chelate formation and thermal s t ab i l i t y .  In the 
l a t t e r  case, water of hydration has been indicated as causing decomposi- 
tion of the metal chelate in the gas chromatographic system. 
Formation of the monothio derivative of hexafluoroacetylacetone 
(HFAS) seemed to overcome these 1 imitations. Bayer, e t  a1 . ' reported the 
formation of monothiohexaf luoroacetylacetonates of copper, zinc, ferrous 
iron, nickel, gold, mercury, platinum, palladium, cadmium, lead and sodium. 
Of these, only the mercury and gold compounds were unstable to the point 
of decomposition during me1 ting point determination. The metal chel ates 
were formed direct ly  from aqueous solution a t  0.001 M concentration. Only 
the P t ,  Pd, and Ni complexes have been investigated with respect to  gas 
chromatographic behavior. The potential use of th i s  compound i s  what 
prompted i n i t i a t i o n  o f  t h i s  i n v e s t i g a t i o n .  Another m o d i f i c a t i o n  o f  t h e  
B - d i  ketones which y i e l d s  v o l a t i l e  metal  che la tes  has been r e c e n t l y  r e p o r t e d  
by Uden, -- e t  a1 .25 i n  which t h e  ketoamine i s  formed. The copper and n i c k e l  
che la tes  of t h e  n i t r o g e n  analogs of TFA (amino and ethy lenediamine)  have 
been gas chromatographed and de tec ted  a t  p icogram l e v e l s  by e l e c t r o n  
cap tu re .  
Improvement i n  gas chromatographic d e t e c t i o n  systems has promoted 
t h e  u t i  1  i ty of t h i s  method o f  t r a c e  rnetal s  analyses. Ear l  - i e r  I n v e s t i g a t i o n s  17,26 
us ing  thermal c o n d u c t i v i t y  d e t e c t o r s  r e q u i r e d  h i g h  concen t ra t i ons  of 
meta ls  and f r e q u e n t l y  t h i s  leads  t o  ove r l app ing  o f  peaks. Use o f  flarrle 
i o n i  z a t i o n  de tec to r s  (FID)  5 y 2 7  reduced d e t e c t i o n  o f  Be, A l ,  C r ,  and Rh 
tri f l  uoroace ty l  acetonates t o  1  - 1  o - ~  M. E l e c t r o n  cap tu re  d e t e c t o r s  
7 - 9 y 1 1 y 1 2 y 1 4 y 1 5  have a l lowed d e t e c t i o n  o f  as l ow  as 0.01 p g / l  o f  Be 
and C r  i n  t h e  o rgan i c  phase. 
Such an i nc rease  i n  s e n s i t i v i t y  i s  n o t  w i t h o u t  a t t endan t  problems, 
most n o t a b l y  i n t e r f e r e n c e  f rom t h e  unreacted B-d ike tone  which a l s o  e x t r a c t s  
i n t o  t h e  o rgan i c  phase. Wi th  tri f l  uoroacety lacetone,  back e x t r a c t i o n  w i t h  
aqueous NaOH s e l e c t i v e l y  removes t h e  B - d i  ketone 8  2 ,  However, 
n o t  a1 1  c h e l a t i n g  agents appear t o  be so e a s i l y  removed and r e s u l t s  i n  
2  7  g r e a t l y  reduced s e n s i t i v i t y  o f  t h e  e l e c t r o n  cap tu re  d e t e c t o r  . C l  earl 
up procedures s i m i l a r  t o  those used i n  p e s t i c i d e  a n a l y s i s  cou ld  a l s o  be 
implemented. Work w i t h  C r  and Be ace ty lace to r la tes  i n  serurn and plasrr~a 11 
has demonstrated t h e  use of gas chromatography mass spec t romet ry  i n t e r -  
f a c i n g  t o  p r o v i d e  abso lu te  s p e c i f i c i t y  o f  t h e  response w h i l e  s e n s i t i v i t i e s  
comparable t o  those o f  e l e c t r o n  cap tu re  d e t e c t o r s  a r e  obta ined.  The 
a t t r a c t i v e  f e a t u r e  o f  t h i s  technique i s  t h a t  t h e  gas chrornatographic 
peaks need n o t  be reso l ved  a t  a l l  s i nce  obse rva t i on  o f  one mass i s  n o t  
i n t e r f e r r e d  w i t h  by t h e  o t h e r  rnetal species.  
I I. METHODOLOGY 
A. A n a l y t i c a l  : In -1  ab analyses were conducted by  atomic abso rp t i on  
and gas chromatographic techniques us ing  a Var ian Techt ron AA-120 atomic 
abso rp t i on  spectrophotometer and a Var ian Aerograph 1740 gas chromato- 
graph, r e s p e c t i v e l y .  Convent ional  a tomic abso rp t i on  a n a l y s i s  was supple- 
rnented where smal l  sample volumes and low concent ra t ions  d i c t a t e d  by use 
o f  t he  Var ian Model 63 Carbon Rod f lame less  atomizer .  Background c o r r e c t i o n  
was ob ta ined  by  d u p l i c a t e  a n a l y s i s  employing a hydrogen continuum lamp. 
Represen ta t i ve  s tandard curves a r e  presented i n  F igures  1, 2, and 3 f o r  
N icke l  and Copper. Lead analyses were conducted i n  s i m i l a r  fash ion .  
Gas chromatographic determi  n a t i  ons were made us ing  a1 1 py rex  systems. 
Operat ing c o n d i t i o n s  and t he  d e t e c t o r  employed a r e  g i ven  i n  con junc t i on  
w i t h  t h e  i n d i v i d u a l  da ta  p resen ta t ions .  
I n f r a r e d  and Nuclear  Magnetic Resonance spec t ra  were ob ta i ned  through 
t h e  Chemistry Department a t  I I T .  S p e c i f i c  d e t a i l s  p e r t a i n i n g  t o  these da ta  
a r e  i r ~ c l u d e d  i n  t he  app rop r i a te  sec t i ons  as p rov ided  i n  t h e  r e p o r t .  
B. Reaqents: General reagents  were o f  ACS grade o r  b e t t e r  [ p e s t i c i d e  
( F i s h e r )  o r  nanograde (Ma l i nk rod t )  grade so l ven t s  used f o r  r e a c t i o n s  and 
subsequent gas chromatographic s tud ies ] .  The s p e c i f i c  c h e l a t i n g  agents, 
r r~onoth iohexaf l  uoroace ty l  acetone (HFAS) and 1,1,6,6-tetramethyl pentane- 
3,5-dione (P IV)  were purchased f rom P ie r ce  Chemical Company, Rockford, 
I 1  1 i n o i s  as was t h e  hexa f l  horoace ty l  acetone used i n  t h e  at tempted syn thes i s  
o f  HFAS when commercial market ing o f  t h e  l a t t e r  p roduc t  was d iscon t inued  
by P ie r ce  Chemical Company. 
C. Che la t i on  and Synthes is :  Due t o  v a r i a t i o n  o f  techn ique  d u r i n g  
t h e  p r o j e c t  per iod,  i n d i v i d u a l  procedures a r e  i nc l uded  w i t h i n  t h e  n a r r a t i v e .  
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111. HFAS STUDIES 
1  A. Pre l im inary :  Based upon publ ished research i n v o l v i n g  HFAS and 
the commercial a v a i l a b i l ' i t y  o f  t h e  compound, t h e  i n i t i a l  focus o f  t he  
p r o j e c t  was t o  form t h e  i n d i v i d u a l  metal chelates; assess optimum r e a c t i o n  
condi ti orls and p re fe r red  organic so l  vents. Pre l  i m i  nary qual i t a t i  ve r e s u l t s  
are summarized i n  Table 1. Two o f  the  chelates were f u r t h e r  examined w i t h  
respect  t o  a1 t e r n a t i v e  sol  vent systems f o r  purposes o f  changing the  so l  vent 
peak e l u t i o n  p o s i t i o n  upon gas chromatographic ana lys is .  These qual i t a t i v e  
data are  presented i n  Table 2. 
I n  con junc t ion  w i t h  t h e  p re l im ina ry  s tudies,  q u a n t i t a t i v e  evaluat ions 
were s t a r t e d  t o  determine the  ex ten t  o f  metal r e a c t i o n  and t r a n s f e r  i n t o  
the  organic phase f o r  vary ing concentrat ions o f  the  aqueous metal ion.  
Resul ts  a re  g iven i n  Table 3. 
B. Gas Chromatography o f  HFAS Chelates: The chelates formed i n  
the  above s tud ies  were i n j e c t e d  onto gas chromatographic columns (5% SE- 
30 on Chromosorb W, 5% SE-52 on Chromosorb W and 5% QF-1 on Varaport 30) 
under var ious i n j e c t o r ,  column and de tec to r  temperatures and var ious 
c a r r i e r  gas f l ow  r a t e s  us ing bo th  f lame i o n i z a t i o n  and e l e c t r o n  capture 
detectors.  Temperature programming was a l s o  u t i l i z e d .  I n  no case was 
a  clean chrornatogram obtained. Furthermore, i n j e c t i o n s  o f  HFAS sol  u t i ons  
and pure HFAS l i q u i d  y i e l d e d  complex chromatograms i n d i c a t i v e  o f  mixtures 
and/or corrlpound decomposition on the  co l  umn. No d e f i n i t i v e  d i f f e r e n c e  
could be 'discerned between chelate so lu t i ons  and HFAS so lu t ions .  These 
d i  f f i  cu l  t i e s  were puzzl i ng s ince t h e  chel ates had been p r e c i p i t a t e d  and 
red i sso l  ved and atomic absorpt ion ana lys is  subs tant ia ted  the  presence o f  
t h e  rrletals i n  the  organ ic  phase. 
Table 1  . Summary o f  Pre l  im inary  HFAS Chelate Formation Studies.  
Metal Procedure Observat ion 
Cu 5  m l  0.001 M S l i g h t l y  v i s i  b l  e  brown p r e c i p i t a t e  formed. 
CuS04 i n  1  N H2S04 
+ 1  u l  HFAS 
C u  5  m l  0.01 M CuS04 Brown p r e c i p i t a t e  formed immediately. 
i n  I N  H2S04 + 20 
u l  HFAS 
Cu 1  u l  0.01 M CuSO, Red-brown c o l o r  appeared i n s t a n t l y .  
* F i  1  t e r e d  p r e c i p i t a t e  so l  ub l  e  i n  CHCI 3, 
' lo drops H2S04 l ess  so lub le  i n  hexane. 
+ 0.5 m l  HFAS'Na 
s o l u t i o n  (0.1 m l  
HFAS i n  6 N NaOH) 
Cu 5  m l  0.001 M CuS04 No p r e c i p i t a t e  formed. 
Cu 1  m l  0.01 M CuS04 Chelate formed upon shaking w i t h  t r a n s f e r  
+ 1  m l  0.01 M HFAS' i n t o  o rgan ic  phase. 
Na + 1  drop 1  N 
H2S04 + 2  m l  CHC1 
o r  Hexane 
Zn 5  m l  0.01 M ZnS04 Ye1 low p r e c i p i t a t e  formed, 
i n  1  N H2S04 + 20 
u l  HFAS 
ZN 1  m l  0.01 M ZnS04 Reddish p r e c i p i t a t e  formed. F i l t e r e d  
r r ~ l  HFAS-Na + 10 p r e c i p i t a t e  d isso lved  i n  CHC13 t o  y i e l d  
drops 1  N H2S04 ye1 1  ow-orange co lo r .  
Pb 1  m l  0.01 M Reddish p r e c i p i t a t e  formed. F i l t e r e d  
Pb(N03)2 + 0.5 p r e c i p i t a t e  only  s l i g h t l y  so lub le  i n  
m l  HFAS'Na + 10 CHC1 and hexane . 
drops 1  N HN03 
u! qou qnq L3H3 u! alqn 10s aqeq!dpa~d + eN-SWJH Lu 1 + 
pa~aq 1 ~j 'pau~oj aqeq id pa~d y s ippay 'os~J W LOWO Lu Z aJ 
1 1 ! auazuag 
i 
-sJuaALoS 
3~ue6~0 pa33alas u! sa3elay3 SW-JH 3u~ pue 
~addo3 40 6u ~3e)j K3 k 1 kqn 10s ah ~3e3 k [enb 2 a [gel 
Table 3. D i s t r i b u t i o n  o f  Copper and Zinc between 
Aqueous and Hexane Phases. 
I n i t i a l  Conc., M F ina l  Aqueous F ina l  Organic * 
Metal Aqueousf Conc. , M Conc., M Kd 
Procedure: 1 m l  aqueous metal s o l u t i o n  + 1 m l  0.01 M HFASSNa + 0.03 
(1 drop) 1 N H2S04 + 2 m l  Hexane. Reaction v i a l  shaken 
and phases analyzed f o r  metal concentrat ion by atomic 
absorpt ion w i t h  Carbon Rod Atomizer, corrected f o r  back- 
ground. 
f Inc ludes d i l u t i o n  by a d d i t i o n  o f  HFAS-Na and a c i d  so lu t i ons .  
* Kd = F ina l  Organic Phase ~ o n c e n t r a t i o n / ~ i n a l  Aqueous Phase Concentra- 
t i o n .  
I t  was apparent  a t  t h i s  p o i n t  t h a t  t h e  comnercial  compound was n o t  
p u r i f i e d  by t h e  d i s t i l  l a t i o n  procedure and p r e v i o u s l y  r e p o r t e d  r e s u l t s  
f o r  success fu l  chromatographing o f  t h e  n i c k e l  c h e l a t e  cou ld  n o t  be 
dupl  i cated. 
C. Examinat ion o f  Commercial HFAS: The i n i t i a l  q u a n t i t y  o f  HFAS 
rece i ved  f rom P ie r ce  Chemical Company was vacuum d i s t i l l e d  p r i o r  t o  use 
and t h e  cons tan t  b o i l i n g  f r a c t i o n  a t  60' C and 70 mm Hg was c o l l e c t e d .  
Upon r e a c t i o n  w i t h  6  N  NaOH, t h e  o rgan i c  l a y e r  d i s s o l v e d  y i e l d i n g  a  r e d  
s o l u t i o n  as expected. However, upon o b t a i n i n g  t h e  r e s u l t s  ment ioned 
above, c l o s e  examinat ion o f  t h e  compound was made. A n u c l e a r  magnet ic 
resonance (NMR) spectrum of t h e  compound was ob ta i ned  ( F i g u r e  4 ) .  I n  
l i g h t  of NMR spec t ra  ob ta ined  f o r  o t h e r  B-d ike tone  s t r u c t u r e s  
( T r i f l  uoroacety lacetone,  F i gu re  5, and 2,2,6-Tetramethyl pentane-3,5- 
dione, F i gu re  6 )  t h e  spectrum f o r  t h e  commercial p roduc t  shows s t r o n g  
evidence o f  h i g h l y  impure HFAS, i n d i c a t i n g  a  m i x t u r e  o f  compounds. Th is  
conc lus i on  was subs tan t i a t ed  upon c o n s u l t a t i o n  w i t h  severa l  chemists  
(Rober t  R i c k e r t ,  I I T ,  Chester Vanderg r i f f  and D r .  James K i n s t l e ,  The 
U n i v e r s i t y  o f  Tennessee). Based upon Bayer, e t  a l . '  f o r  HFAS and severa l  
o t h e r  au thors  f o r  o t h e r  monothio-0-di  ketones (Ho, -- e t  a1. 28, Chaston, 
e t  a1 .29, Chaston and ~ i v i  ngstone30, Barraclough, e t  a1. 31 ) t he  s t r u c t u r e  
-- --
expected i s  g iven  below: 
which would imp l y  a  r e l a t i v e l y  s imp le  NMR spectrum. C e r t a i n l y ,  n o t h i n g  
as complex as t h a t  g i ven  i n  F i gu re  4  i s  t o  be expected f r om t h e  mo lecu la r  
s t r u c t u r e  above. 



Communication w i t h  Pierce Chemical Company a t  t h i s  p o i n t  r e s u l t e d  
i n  shipment o f  a  replacement o f  t h e  o r i g i n a l  purchase. This ma te r i a l  
contained c r y s t a l s  and upon p u r i f i c a t i o n  by vacuum d i s t i l l a t i o n  y i e l d e d  
the  NlYR spectrum o f  F igure  7. A t  t h i s  po in t ,  f u r t h e r  communication w i t h  
P ierce  revealed t h a t  our  complaint regarding product i d e n t i t y  was n o t  an 
i s o l a t e d  i nc iden t ,  and, i n  f ac t ,  t h e  company was i n  the  process o f  r e -  
moving the  product from the  market. As a  gesture o f  good f a i t h ,  P ierce 
con t r i bu ted  t h e i r  remaining s tock  f r e e  o f  charge f o r  i n v e s t i g a t i v e  pur- 
poses. The NMR spectrum o f  t h i s  ma te r i a l  as received i s  shown i n  F igure  
8. 
This  ma te r i a l  was vacuum d i s t i l l e d  and a  constant  b o i l i n g  f r a c t i o n  
a t  52-54' C was co l l ec ted .  The NMR spectrum was messy as be fore  (F igure  
9 )  and gas chromatographic ana lys is  on SE-30 y i e l d e d  mu1 t i p l e  peaks 
(F igure  10). Thin l aye r  chromatograms were obtained on s i l i c a  gel  and 
a1 umir~a 1  ayers. These resu l  ts ,  summarized i n  F igure 11, general l y  
y i e l d e d  s i n g l e  mobi le  spots w i t h  another spot remaining a t  t h e  p o i n t  o f  
appl - icat ion.  
Large sca le  separat ions were performed w i t h  alumina columns. One 
rn l  of HFAS on t h e  column separated i n t o  f o u r  d i s t i n c t  regions. The 
uppermost was yel low,  fo l lowed by green, ye l low orange and pu rp le  upon 
passage o f  acetone through t h e  column. These bands were n o t  eluded. 
To another column, 1  m l  of HFAS was e l  uted w i t h  absolute Methanol. 
Three bands formed on the  column which were orange, g reenb l  ue and ye1 low 
respec t i ve l y  from t h e  top  o f  the  column. The ye l l ow  band remained a t  
t he  top  o f  the  column upon cont inued e l u t i o n .  The c o l l e c t e d  e luen t  was 
evaporated on a  steam t a b l e  and the  res idue red isso lved i n  Methanol. 
Chromatography o f  the  res idue on SE-30 y i e l d e d  mu1 t i p l e  peaks. 



1 p 1 HFAS i n  Methanol 
5% SE30 on 80/100 Chromasorb W/AW- 
I n l e t  back pressure: 35 p s i g  
Varian 1740 Gas Chromatograph 
T i  me 
Figure 10. Chromatograph o f  D i s t i l  l e d  HFAS (Dona1 ted  Stock) 

















